
RUTH ASSOCIATES, INC.

VIA FEDERAL EXPRESS

Randy Sturgeon
Remedial Project Manager
Delaware/Maryland Section - ~ - - - . .
U.S. Environmental Protection Agency
841 Chestnut Building
Philadelphia, PA 19107

RE: Dover Gas Light Site - Information on Soil-Vapor Extraction / Bio-Venting at
another MGP

Dear Mr. Sturgeon:

The enclosed informational package has been prepared as per your request
for information regarding the feasibility of soil-vapor extraction (SVE) / bio-venting
at a site similar to the Dover Gas Light Site. Ruth Associates, Inc. (RAI) has
successfully implemented SVE, non-aqueous phase liquid (NAPL) recovery, as well
as air-sparging at another former manufactured gas plant (MGP) site on behalf of
-Chesapeake Utilities. This site is located in Salisbury, Maryland, and is directly
-ii'nderlain by the Columbia Formation, which is the same unit upon which the Dover
~<Gas -Light Site is situated, although it is somewhat sandier near Salisbury. Also, it
is believed that the same gas manufacturing process (the water gas process) was
employed at both the Dover and Salisbury MGPs; therefore, the characteristics of
r.the tar and other NAPLs that may be found at these two sites are likely similar.

Several reports have been prepared through the pilot-testing, design, and
operational phases of the remedial program at Salisbury. Excerpts from the y^
following reports prepared by RAI have been enclosed for your reference: oo

r-.
• Remedial Design Report, dated December 1 995 <_,
• Remedial Progress Report, dated March 1 996 oo
• Remedial Progress Report - Second Half of 1 996 ^

^̂ i

Particularly relevant portions in each report have been highlighted for ease of your
review.

As general background, the Salisbury site is underlain by fine to medium
grained sand with varying amounts of silt. The depth to water is approximately 22
feet below ground surface in the Former Production Area (where small amounts of
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floating NAPL have been found and recovered), and gradually reduces to about 15
feet along the downgradient property. Ground-surface in the immediate vicinity of
the former production area is paved, and the southern portion of the property is
grassed covered.

Soil vapor extraction rates from single well points in .the.former production
area ranged from 20 to 85 standard cubic feet per minute (SCFM) with radii of
influence varying from 75 to 90 feet. ( Remedial Progress Report, March 1 996)
The rate of extraction did not have a significant effect on the lateral extent of
pneumatic influence. _ • -

SVE pilot testing along the downgradient property boundary showed that the
optimal extraction rate was approximately 10 SCFM from a single well point with
radii of influence ranging from 70 to 80 feet, similar to those observed in the
former production area where extraction rates were much higher. (Remedial Design
Report, December 1995) Again, increasing the extraction rate had only a small
effect on the extent of lateral pneumatic influence.

Pilot testing results and observations made during full-scale operational
conditions at both site areas in Salisbury support the following major conclusions:

is an effective means of removing volatile constituents from
,' *... unsaturated soils, and to a lesser extent from the water table.

• SVE (or bio-venting) stimulates in-situ biodegradation of petroleum
hydrocarbons by increasing the amount of available oxygen in the
subsurface for bioutilization.

• Applying a vacuum near the water table where LNAPL is present
enhances LNAPL recovery by mobilizing residual LNAPL that resides on
top of the capillary fringe.

Based on our experience at the Salisbury site, as well as other sites not specifically
discussed here, the following general conclusions can be made regarding the
application of SVE for site remediation:

• SVE is effective under a very wide range of hydrogeologic conditions.
RAI has successfully employed SVE at a site where soils consisted
predominantly of clay, and at another site where the water table was as
shallow as 4 feet below ground surface. However, certain- site conditions
are more amenable than others to the successful implementation of SVE.
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• SVE generally works well in Coastal Plain formations like that found
beneath the Dover site because the vertical permeability is typically an
order-of-magnitude lower than the horizontal permeability, thus enhancing
lateral pneumatic extent.

• Soils of low to moderate permeability are often better suited to SVE
techniques than a coarse sand and gravel material, because lateral
influence can be impeded by "short circuiting" of flow from the surface
that is likely to occur if the formation is too permeable..

• The optimum SVE rate and maximum radius of pneumatic influence for a
particular well point is generally dictated by factors such as: 1) the depth
to water; 2) the well screen interval above the water table; and 3) the
ratio of horizontal to vertical permeabilities of the formation. Well
construction details such as the diameter and slot size generally play a
lesser role in dictating optimal operational parameters.

• In-situ biodegradation rates stimulated by the replenishment of subsurface
oxygen often greatly exceed chemical mass extraction rates in terms of
contribution to total non-chlorinated hydrocarbon removal.

-.' -- We hope that you find the enclosed information adequate for your purposes.
If you have any questions or require additional information, please do not hesitate
to call.

Sincerely,

RUTH ASSOCIATES, INC.

£-
Michele C. Ruth, PE
President

Enclosures

cc: Elaine Bittner, CUC
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REMEDIAL DESIGN REPORT
FORMER SALISBURY TOWN GAS LIGHT SITE

SALISBURY, MARYLAND _

Prepared for:

CHESAPEAKE UTILITIES CORPORATION

DECEMBER, 1995

Prepared by:

RUTH ASSOCIATES, INC.
2017 Chesapeake Road

Annapolis, Maryland 21401

Micnele C. Ruth, PE
^President
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2.0 AS/SVE PILOT TEST

The effects of AS and SVE are strongly site-dependent and various
hydrogeologic conditions can have a profound impact on the application of this type
of remedial system. Therefore, an AS/SVE pilot test was conducted at the site prior
to proceeding with the design and implementation of a fuJI-scale system. The
following provides an outline of the pilot test objectives, a description of the pilot
testing methodologies employed, the results of the testing program, and an
interpretation of results as they apply to the design of a full-scale system.

2.1 Pilot-Test Objectives

The objectives of the AS/SVE testing program were as follows:

• Demonstrate the effectiveness of the AS/SVE system for removing dissolved
hydrocarbons from the ground-water; and

. • . Determine the design parameters for the full-scale application of AS/SVE,
-"* -" including the following:

,* -"~* — * "

number, spacing and depth(s) of AS-points;
number, spacing and depth(s) of VE-wells;
minimum and maximum expected air-injection rates and required
pressures;
minimum and maximum expected flows from VE wells and required
vacuum;
expected concentrations of contaminants in extracted air; and
size and type of an air emission control system.

2.2 Site Characteristics

The zone targeted for ground-water remediation extends between Wells MW-2
.j—..

and MW-3 along the southern property boundary, downgradient of the Former
Production Building. Ground water in this region contains dissolved volatile and semi-

2-1
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volatile petroleum hydrocarbons ranging in total concentration from approximately 1
milligram/liter (rng/l) at MW-2 to 4 mg/l at MW-3. The depth to water ranges from
approximately 23 feet (ft) below ground surface (bgs) in the vicinity of the Former
Production Building, to 12.5 ft bgs along the downgradient property boundary. Soils
beneath the site generally consist of fine to medium sand with occasional
interbedding of siltier material. - ----- - ,.

The results of the Phase I AS/SVE Pilot Test also revealed a subtle lithologic
unit of lower permeability located approximately 20 ft, bgs (or 6_ft below the water
table), which effectively controlled the vertical movement of air sparged into the
aquifer below this layer. Further detailed review and interpretation of boring logs for
previously drilled wells and the first AS test well, AS-1, combined with the data
derived from the Phase I Testing, provided additional insight into nature and extent
of contamination along the southern property boundary.

It appears that, although the vast majority of the coal-tar residue that was
found along the southern property has been excavated and disposed off-site, isolated
amounts of coal tar residue remain. Further, it is believed that the lower permeability

-"forril contained the vertical downward migration of the residual tar material, and that
the majority of the residual tar constituents are concentrated at the top of this layer.
The general vertical distribution of hydrocarbons along the southern property

" "boundary is schematically illustrated in Figure 4. The cross-sectional location is
illustrated in Figure 5, which also depicts the well network used for the pilot-testing
program.

2.3 Pilot Testing Methodology
•

The AS/SVE pilot-testing program was conducted in the vicinity of the existing
Monitoring Well MW-3, where the highest concentrations of dissolved contaminants
have been detected in shallow ground water. The effects of AS and SVE remedial
activities were evaluated separately and conjunctively during the. pjlot testing.
Additionally, the effects of stratigraphic control on subsurface transport mechanisms
was investigated via air-sparging at various depths.

2- 2
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RUTH ASSOCIATES, INC.

• water quality; and —— —

• vapor quality.

Details of the AS/SVE testing activities and the observations made during the AS/SVE
testing are summarized in Appendix B, and are discussed below. A summary of field
parameter measurements collected before, during, and after the AS/SVE testing
program is provided in Table 1. Laboratory results of VOC and PAH analyses of
ground-water samples are presented in Tables 2 and 3, respectively. The analytical
results for the vapor grab samples are presented in Table 4. The laboratory
certificates of analysis for the water samples and vapor samples are included as
Appendix C. The testing results provided in these tables and appendices are
discussed below.

2.4.1 AS/SVE Testing Conditions and Physical Observations

SVE testing consisted of first extracting vapors from VE-1 only at varying rates
- over a total testing period of approximately 3 hours; then extracting from VE-2 only
'"* •".- at varying rates for a period of 3-1/2 hours. After evaluating the effects of extraction
vapors from the individual wells, vapors were extracted from VE-1 and VE-2
simultaneously to establish steady-state conditions.

SVE testing on VE-1 started with the extraction rate low; it was then increased
in a step-wise fashion. The step-test conditions for VE-1 only were as follows:

Extraction Rate
(SCFM)
6
9
11

13

Well Vacuum
(in. H20)

10
12
33

44

Minimum Radius of
Influence (ft)

60
60

70 '~

80

2-8
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ô
rf̂ * 0̂

M CO
O «(X H

co

<
•ta

CO

CO
^

oo
•|
H

ŜŶ
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TABLE 2.
AIR-SPARGING/SOIL-VAPOR EXTRACTION PILOT TEST DATA

VOLATILE ORGANIC COMPOUNDS IN GROUND WATER BEFORE AND AFTER PILOT TEST
FORMER SALISBURY TOWN GAS LIGHT SITE _

Well I.D.
Test Conditon
Date Sampled

Acetone
Benzene
Bromodichlormethane
Bromoform
Bromomethane
2-Butanone
Carbon Bisulfide
Carbon Tetrachloriide
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
1,2-Dichloroethane
1 , 1-Dichloroethane
1 , 1 -Dichloroethene
1,2-Dichloroethene (total)
1 ,2£Dichloropropane
trans-1 ,3-dichloropropene
cis- 1 ,3-Dichloropropene
Ethylbenzene
2-Hexanone
4-Methyl-2-Pentanone
Methylene Chloride
Styrene
1 , 1 ,2,2-TetracbJoroethane
Tetracfaloroethene
Toluene
1,1,1-Trichloroethane
1 , 1 ,2-Trichloroethane
Trichloroethene
Vinyl Acetate
Vinyl Chloride
Xylene

MW-3
Before Test After Test
3/30/95 4/26/95

<80 23
1040 74
<40 <5
<40 <5
<80 <10
<80 <10
<40 <5
<40 <5
<40 <5
<80 <10
<40 <5
<80 <10
<40 <5
32 J 7.6
<40 <5
<40 <5
<40 <5
<40 <5
<40 <5
<40 <5
317 20
<80 <10
<80 <10
<40 <5
<40 <5
<40 <5
<40 <5
38 J 4.6J
<40 <5
<40 <5
<40 <5
<80 <10
<80 <10
151 20

VE-1
BeforeTest After Test
3/30/95 4/26/95

<100 <25 -
755 253
<50 <13
<50 <13
<100 <25
<100 <25
<50 <13
<50 <13
<50 <13
<100 <25
<50 <13
<100 <25
<50 < 13
<50 <13
<50 <13
<50 <13
<50 <13
<50 <13
<50 <13
<50 <13
873 147
<100 <25
<100 <25
<50 <13
<50 50
<50 <13
<50 <13
62 132
<50 <13
<50 <13
<50 <13
<100 <10
< 100 < 10
346 182

VE-2 i
Before Test After Test
3/30/95 4/26/95

-- <10 . - <20
80 206
<5 <10
<5 <10

- '<JO <20
<10 <20
<5 <10
<5 <10
<5 <10
<10 <20
<5 <10
<10 <20
<5 <10
<5 4.2 J
<5 <10
<5 < 10
<5 <10
<5 <10
<5 <10
<5 <10
64 246
<10 <20
<10 <20
<5 <10
74 107
<5 <10
<5 <10
154 260
<5 <10
<5 <10
<5 <10
<10 <20
<10 T~ <20
155 370

All concentrations reported as ug/1 (ppb)
J - denotes concentrations found below method quantitative detection limit
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The step-test conditions for VE-2 were similar to those for VE-1, and are
summarized asjfpJlpws:

Extraction Rate
(SCFM)

2

3.5
6.5

7

Well Vacuum
(in. H20)

8.5
11.5
22

34

Minimum Radius of
Influence (ft)

60 "
60

- .70

80

The results of the single-well SVE testing indicated that a minimum radius of
influence of approximately 60 feet can be readily achieved by extracting vapors from
an individual well at a nominal rate of less than 10 SCFM, and that only a marginal
increase in pneumatic influence is likely to be achieved by increasing the extraction
beyond this rate.

• * • «." '_ ... After conducting the individual step testing on each VE-well, Phase I combined
vapor extraction was performed by extracting from VE-1 and VE-2 simultaneously.
The extraction rates were selected based on the results of the step testing outlined
above, and with the objective of balancing the flow from the two wells. The test
conditions were as follows:

Phase I - SVE Only at VE-1 and VE-2
VE-1: Extraction rate - 10 to 11 SCFM; well vacuum approx. 28 in. water
VE-2: Extraction rate - 10 to 11 SCFM; well vacuum approx. 42 in. water

Soil vapors were captured from an area of over 180 feet in length along the property
boundary.

The Phase I air-sparging test was not initiated until induced vacuums and
extracted vapor flow and quality approached steady-state conditions. After SVE only

2-9
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was conducted on VE-1 and VE-2 for approximately 46 hours, sparging was
conducted at AS-l̂  The AS/SVE test conditions for this portion of the test were as
follows:

Phase I - Air Injection into AS-1 w/ Deep Venting and SVE
Injected <2 SCFM air @ <10 PSI and increased up to,7.5_SCFM @ 12 PSI
SVE from VE-1 and VE-2 @ approximately 10 SCFM from each
Deep venting from RW-2 and RW-3 at a combined rate of 4 to 6.5 SCFM

The observations made during the Phase I AS/SVE testing indicated that
sparging had a strong influence in the form of mechanical aeration below the lower
permeability unit and at distances of at least 80 feet. Vigorous bubbling was
observed at RW-2 and RW-3, with measurable flow exiting these wells when opened
to the atmosphere. However, little to no sparging influence was observed at the
other nearby wells, MW-3, VE-1, and VE-2, which were located closer to the AS
wells but were screened at intervals that did not penetrate the lower permeability unit
as do RW-2 and RW-3.

The Phase I AS/SVE test indicated that the lower permeability unit situated
- hoozontally between the depths of RW-2 and RW-3 and the depths of the shallower
wells, MW-3, VE-1 and VE-2, was restricting the vertical movement of sparged air.
Sparging into the coarser materials underlying the lower permeability unit resulted in
'the venting of air through RW-2 and RW-3, where these wells intercepted sparge air
flowing laterally beneath the horizontal flow boundary. The observations made during
the Phase I AS/SVE testing are schematically illustrated in Figure 6.

Because the plume is generally restricted to the shallow portion of the aquifer
extending down to the top of the lower permeability unit, and because of the flow
restriction presented by this layer, sparging at the interval tested during Phase I would
not be effective for plume remediation. Therefore, additional test sparge wells, AS-3S
and AS-2S, were installed at shallower depths for Phase II testing. Short-term tests
were run on each of the sparge wells before selecting test conditions and well(s) for
the longer-term test. The following is a summary of the Phase II short-term sparge
test conditions:

2-10
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Phase It - Air Injection into AS-2S Only
Injected 4 SCFM air @ 11 PSI; rose w/o adjust, to 5.5 SCFM @ 7.5 PSI

Phase II - Air Injection into AS-3S Only
Injected 3 SCFM air @ initial pressure of 13.2 PSI falling to 10.1 PSI;
Injected 5.3 SCFM air @ initial pressure of 11.9 PSI fatliffg-fo tO,7 PSI

Sparging into AS-2S provided good lateral influence in the shallowest portion
of the aquifer and within the lower permeability unit. Water-level rises were observed
in all of the nearby shallow wells, including VE-1, VE-2, MW-3, RW-2, RW-3, AS-3S,
ASM-1 and GM-3I; bubbles were also observed in each of these wells, except VE-2
and GM-3I.

Sparging into AS-3S also provided good lateral influence in the shallowest
portion of the aquifer, but much less of an effect was observed within the lower
permeability unit. A water-level rise was observed only in RW-2. Bubbles were
observed in RW-2, MW-3, and to a lesser extent in VE-1, VE-2 and RW-3. The
observations from the short-term sparge test on AS-3S are schematically illustrated
-in .Figure 7.
-!-» -i -

Because sparging into AS-2S effected ground water within the lower
permeability unit to a much greater extent than AS-3S, AS-2S was selected for the
longer-term AS/SVE testing. The next step was then to extract soil vapors from VE-1
and VE-2. When steady-state conditions were approached, air was injected into AS-
2S. The following is a summary of the Phase II - SVE only and AS/SVE test
conditions:

Phase II - SVE Only at VE-1 and VE-2
VE-1: Extraction rate - 10.5 to 14 SCFM; well vacuum approx. 32 in. water
VE-2: Extraction rate - 10 to 14 SCFM; well vacuum approx. 41 in. water

Phase II - AS/SVE with AS-2S. VE-1 and VE-2
AS-2S: Air injection rate approx. 3.5 SCFM; well pressure approx. 7.5 PSI
VE-1: Extraction rate - 11.5 to 15 SCFM; well vacuum approx. 30 in. water
VE-2: Extraction rate - 10 to 14 SCFM; well vacuum approx. 40 in. water

2- 11
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The longer-term Phase II AS/SVE test, using AS-2S, VE-1 and VE-2, indicated
that strong lateral-influence in the lower permeability unit could be achieved, with
bubbling observed in all of the nearby wells screened at least partially within the
lower permeability unit: MW-3, ASM-1, AS-3S, RW-2 and RW-3. However,
mechanical influence was not observed in the shallower wells, VE-1 and VE-2. The
observations made during the Phase II AS/SVE test are schematically -illustrated in
Figure 8.

2.4.2 Ground-Water Quality

The effects of AS/SVE activities on ground-water quality conditions were
evaluated. Ground-water samples were collected from MW-3, VE-1 and VE-2 on
March 30, 1995, before any AS/SVE testing, and on April 26, 1995, after the
AS/SVE testing was completed. The results of the laboratory analyses for VOCs and
PAHs were consistent with expected ground-water quality based on data from the
quarterly monitoring program, and are summarized in Tables 2 and 3, respectively.
Laboratory certificates of analysis for the ground-water samples are provided as

. Appendix C. Ground-water samples were also collected from all of the wells in the
."̂ S/SVE test network, several times throughout the testing program, and analyzed for

the field parameters, dissolved oxygen, pH, specific conductance, and temperature.
The results of the field monitoring for indicator parameters are summarized in Table
1.

Baseline conditions were established prior to initiating any AS/SVE activities.
Specific conductance and pH were generally consistent with values previously
measured for wells in this area, with the pH being slightly acidic (i.e., less than 7.0)
and specific conductance (SC) ranging from 401 to 477 micromhos-per-centimeter
(umhos/cm) in the shallow wells, and decreasing with depth to 134 umhos/cm in the
intermediate well, GM-3I. This was the first time that the ground water has been
measured for dissolved oxygen (DO). As expected, DO concentrations were generally
lowest in the wells containing the highest concentrations of hydrocarbons, ranging
from 1.5 to 2.5 mg/l in the shallow wells and up to 5.4 mg/l in the intermediate well,
GM-31. This depression in DO concentrations at the water table is most likely the

2- 12
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Comparispo_pf the analytical results for samples collected from VE-1, VE-2, and
MW-3 before and after the AS/SVE testing activities indicates that both VOCs and
PAHs were reduced significantly at MW-3 and VE-1; PAH concentrations decreased
in VE-2, but VOC concentrations were higher in the sample collected after the testing.
These results are generally consistent with the physical effects orbserved during the
testing. Bubbling was observed in MW-3 during the short- and long-term Phase II
sparging tests, but was observed in VE-1 only during the short-term Phase II tests on
AS-2S and in VE-2 only during the short-term test on AS-3S.

2.4.3 Extracted Vapor Quality

The quality of extracted vapors was monitored to evaluate subsurface
conditions prior to AS/SVE testing as well as the effects of AS/SVE activities. Field
monitoring results are summarized in Appendix B, and the laboratory results for grab
samples collected periodically throughout the AS/SVE testing program are provided
in Table 4. The following is a discussion of the vapor-quality monitoring results.

•** •"—* -' ~
Extracted vapor quality during the initial SVE step tests indicated conditions

where soils and ground water have been impacted by readily biodegradable organic
constituents. Oxygen in the extracted vapors was depressed, likely reflecting
bioutilization of the oxygen associated with the degradation of the petroleum
hydrocarbons. Additionally, methane was present at significant concentrations. The
metabolic pathway for biodegradation of petroleum hydrocarbons typically becomes
anaerobic aŝ jftfc available oxygen is depleted, and methane is produced as a
byproduct. B̂ ppfjse aerobic biodegradation of petroleum hydrocarbons is much faster
than anaerobic biodegradation, low oxygen and high methane concentrations indicate
that the rate of natural biodegradation is probably being limited by the available
oxygen.

Oxygen concentrations generally were low initially, and rose with time as SVE
continued. The oxygen concentrations continued to rise further after AS operations

2-14
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were added to the SVE. The same general patterns were observed for both phases
of testing, although baseline oxygen concentrations at the onset of the Phase II
testing were significantly higher than the pre-testing conditions. Measurements of
oxygen in the extracted vapors during the AS/SVE testing were as follows:

Phase I - Oxygen in Extracted Vapors •- _ /
VE-1 Step Test: 2.4% rising to 15.5% (field) "
VE-2 Step Test: 9.5% rising to 13% (field)
SVE Only (46 hr): 14.5% rising to 18.2% (field); 16.91% to 19.46% (lab)
AS/SVE (24 hr): 18.4% rising to 20.0% (field); 20.43% (lab)

Phase II - Oxygen in Extracted Vapors
SVE Only (45 hr): 17.0% rising to 18.5% (field); 18.67% to 18.70% (lab)
AS/SVE (30 hr): 18.5% rising to 19.5% (field); 18.7% to 19.49% (lab)

Methane was detected at high concentrations during the earliest stages of
testing, and decreased dramatically as oxygen was restored to the subsurface. This
dramatic decrease in methane concentrations may reflect shifting the metabolic
pathway from anaerobic to aerobic biodegradation. Methane was measured directly
by the laboratory in grab samples collected periodically throughout the AS/SVE test,

. and the analytical results are summarized in Table 4. Methane concentrations ranged
/#om.0.05 to 0.45% during the 46 hours of the SVE-only portion of the Phase I
Testing, and dropped to less than the detection limit of 0.01 % after 21 hours of the
Phase I AS/SVE testing. Methane was below the detection limit of 0.01 % throughout
the SVE-only and AS/SVE portions of the Phase II testing.

Carbon dioxide can also be an important indicator parameter because it is a
byproduct of aerobic biodegradation and is generally not present at significant
quantities in fresh air. Soil-vapor grab samples were therefore measured for carbon
dioxide; the results are summarized in Table 4. Carbon dioxide concentrations were
highest at the onset of SVE-only activities, and fell during each testing phase. These
observations are likely attributable to dilution of the carbon dioxide due to the
induction of fresh air into the subsurface from SVE activities and injection of air from
AS activities. Carbon dioxide concentrations appeared to approach asymptotic levels,

2- 15
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with steady-state concentrations ranging from 1.64 to 1.69% for both the Phase I
and Phase II tests—

Combustible gases, measured as a percent of the lower explosive limit (LED,
were monitored in the field using two different types of meters. One was calibrated
with methane (CH4) and was sensitive to the full range of alkanes. The second
instrument measured combustible gases other than methane, and was calibrated with
hexane (C6H6). Combustible gases were very high (> 100% of the LEL as CH4 and
as high as 72% of the LEL as C6H6) during the initial Phase I SVE step tests, and
then generally approached a steady-state. LEL measurements fluctuated at these
lower levels throughout the Phase I AS/SVE testing. These field observations reflect
the effects of purging the methane and other alkanes initially present in the soil
vapors. The combustible gas measurements also indicated steady-state conditions
by the end of the SVE-only portion of the Phase II test, with asymptotic levels of
3.4% of the LEL as CH4 and 12% as C6H6. However, the concentrations of
combustible gases dropped further at the onset of the AS-portion of the Phase II
testing, likely reflecting the effects of dilution from injecting clean air into the
.subsurface.
-*• *~

.* *̂ * -' ~
VOCs in the extracted vapor stream were semi-quantitatively measured in the

field using an HNu photo-ionization detector. These readings were lowest..during the
initial SVE step tests, ranging from 4.6 to 16.5 parts-per-million (ppm), and increased
slightly up to 23 ppm during the Phase I SVE-only test. HNu readings fluctuated
between 16.4 and 23 ppm for the remainder of the Phase I test and throughout the
Phase II testing. These data are generally consistent with the laboratory analysis of
the vapor grab samples for the petroleum constituents, as listed in Table 4.

2.4.4 Estimated Chemical Mass Extraction Rates

Specific petroleum-related VOCs, including BTEX, naphthalene, and C5- to C10-
hydrocarbons were also measured in the soil-vapor grab samples, and can be used
to calculate the rate of chemical mass extraction by multiplying the measured
constituent concentrations by the rate of total SVE extraction. The specific

2- 16
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constituent concentrations measured in the grab samples are provided in Table 4.
The calculated extraction rates under the various testing conditions are presented in
Table 5.

As shown in Table 4, the concentrations of specific chemical .constituents did
not reveal any significant trends during either AS/SVE testing phase. -However, it
does appear that the petroleum constituent concentrations were generally higher
during the Phase II testing than those measured during the Phase I testing.
Additionally, total SVE extraction rates were generally higher dufino; Phase II than
Phase I, as shown on Table 5, resulting in greater calculated chemical mass extraction
rates for Phase II conditions.

Because no significant increase in extracted vapor concentrations was observed
when AS activities were initiated, it appears likely that the principal contribution of
VOCs in the extracted vapors during the pilot testing came from the soils rather than
from constituents partitioned from the ground water. This would likely not be the
case during full-scale operation, when more partitioning of VOCs from the shallow
ground water is expected, and after the SVE operations removed the bulk of the

- VOCs from the soils overlying the water table.

VOC mass extraction rates, calculated based on direct measurements taken
• during AS/SVE pilot test, ranged from 0.048 up to 0.161 pounds-per-day (Ib/day),
with benzene contributing less than 0.05 Ib/day in every instance (see Table 5).
Using these data, estimates for chemical mass extraction for the full-scale AS/SVE
system (from four SVE wells rather than the two wells used during the pilot testing)
could be double those calculated for the test conditions. Chemical mass extraction
rates are therefore estimated at 0.322 Ib/day for VOCs, and 0.004 Ib/hr for benzene.

However, it is likely that partitioning of VOCs from the ground water to the
vapor phase during shallow sparging will significantly increase the VOC
concentrations in the soil vapors extracted, thereby increasing the chemical mass
extraction rates. Conversely, the contribution of VOCs from the unsaturated soils is
likely to dissipate quickly within the first few weeks or months, thereby decreasing
the chemical mass extraction rates,
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1.0 INTRODUCTION

The remedial action program to address ground-water quality at the Former Salisbury
Town Gas Light Site was initiated in 1993. Principal remedial activities include soil-
vapor extraction (SVE), product monitoring and recovery, air-sparging/soil-vapor
extraction (AS/SVE), and ground-water monitoring.

The remedial objectives for SVE in the vicinity of the Former Production Area of
removing subsurface contaminants above the water table and restoring conditions to
promote natural biodegradation were achieved in late 1994. Since this time, SVE in the
Former Production Area has been utilized primarily to enhance product recovery.

Product monitoring and recovery began in 1993, and is nearing completion. Only two
of the three remaining product wells show any signs of floating product, and the product
thicknesses and yields from these wells have decreased substantially.

Air-sparging/soil vapor extraction (AS/SVE) was initiated during the second half of 1996
; Jtp" provide a treatment curtain along the downgradient property boundary. Start-up

'" Testing) and ground-water monitoring demonstrate that operation of the AS/SVE system
has dramatically improved ground-water quality and effectively mitigates potential off-

" site migration of volatile organic compounds (VOCs) and polycyclic aromatic
hydrocarbons (PAHs) dissolved in ground water.

This report has been prepared to document the remedial actions conducted during the
second half of 1996, as well as to summarize the status of the remedial program for the
Former Salisbury Town Gas Light Site. The following sections provide detailed
information regarding product monitoring and recovery activities, the start-up testing
and initial operation of the AS/SVE system, and recent findings regarding ground-water
quality at the site.
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2.2 Air-Sparging/Soil-Vapor Extraction

The AS/SVE network is comprised of ten air sparging wells which inject air into the
subsurface below the water table, and four vapor extraction wells which remove vapors
from soils above the water table. The sparge and vapor extraction wells are arranged
in a 120-feet long strip along the site's southwest property boundary. The AS points
are installed at two different levels; six of the points are completed in the shallow
sandier soils, and the four deeper points are screened within a layer of slightly lower
permeability material. The configuration of the AS/SVE well network is illustrated in
Figures 2, 3 and 4.

PVC air lines are manifolded from each well and routed underground to AS/SVE system
hardware housed in a trailer 100 feet away. The sources of air (compressor) and
vacuum (blower), system controls (control panel and computer), moisture separator,
and carbon adsorption air emission controls are included in the trailer. The control
panel includes a programmable logic controller (PLC) which monitors all sensors and
transmitters, and controls all system functions. The PLC is interfaced with the computer

--•aod system operation software via a modem which allows for remote system
.*• —* -* -

monitoring. Critical alarm conditions can be reported to one or more remote stations by
an automatic dialing system.

Air-sparging volatilizes organics as well as restores dissolved oxygen levels to enhance
in-situ natural biodegradation. SVE is utilized to capture the constituents volatilized by
the sparging as well as to remove other residual hydrocarbons that may be present in
the unsaturated zone. Sparging is alternated between the shallow sparge points (SS
series) and the deeper sparge points (LK̂ series) approximately every half hour to
optimize the distribution of air through the aquifer by minimizing the potential
development of preferential flow pathways, or channeling. Adjustments to pressure and
flow rates are made at the AS/SVE trailer and at the individual well heads to maximize
system efficiency. SVE is operated continuously at a rate greater than total sparge flow
to ensure capture of vapors emanating from the sparging operations.
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A - Sĥ kw Vapor Extraction Point* (4)

A - Deep VBTK Points-Contingency
- ExWncjMonitorina Points _ [ Figure 2 J

RUTH Layout of the AS/SVE System
- _ _. - -- , at the Former Salisbury Town

' ! . GasUghtSta

AR309763



<

i

e •I I •a
—

I

<D

1<5 " S S P
_, g 1 ̂  I S 3

1 I • • '

< ®©o '
AR30976I4



§au.

A-A
'

We
l 
Ne
tw

3

RU
TH

As
so
ci
at
es
, 
In
c

1

i
« o "7 ?*? J?

(1SW 1»*y)

AR309765



RUTH ASSOCIATES, INC - DRAFT

less. Oxygen levels remained near atmospheric conditions at an average of 20.8%,
while LEL was 0% on all but one occasion at MW-1. Field monitoring data for extracted
vapor quality atWell MW-1 is given in Table 7.

3.2 Air-Sparging/Soil Vapor Extraction

The air transmission piping was installed from the AS and SVE well points to the
planned location of the AS/SVE trailer during September 18 through 20, 1996. Each of
AS and SVE well casings were trimmed to approximately 1.5-feet below grade, fitted
with T-valves, air-line quick connects, and sample ports where specified. Well vaults
were installed two-feet deep for frost protection at each of the well heads of the ten
sparge points and the four SVE points. All non-system monitoring wells were trimmed
below grade and fitted with flush-mount protective covers.

The AS/SVE trailer was delivered to the site during the week of October 7, 1996. Upon
arrival, the AS/SVE trailer was installed and connected to the AS/SVE piping. Sensor
calibration and testing of proper hardware functioning was also performed.

" * av~'

"* ~*Start-up testing of the AS/SVE system was initiated during the week of October 21,
' 1996. Adjustments were made to balance air pressure and flow to the air-sparge points

and from the vapor-extraction points, and measurements were taken to demonstrate
adequate pneumatic influence from sparging and vapor-extraction activities.

Sparging operations are alternated between the shallow and deep on half-hour cycles
to help prevent-injected air from channeling. Pressures and flow rates were balanced
at each sparging location to evenly distribute air-injection across the treatment curtain.
Total sparging rates at the shallow and deep sparging banks typically ranged from 23 to
27 standard cubic feet per minute (SCFM). Specific air-sparging operational data are
given in Table 8 and summarized in Appendix A.

AR309766



TABLE 8
Air Sparging Operational Parameters - Field Monitoring

Former Salisbury Town Gas Light Site
Phase .of;.;
Operation
Start-Up

Routine

Date ,,..;•.
r ..:: .. ... .; ""-""

1W23/96

10/24/96

10/28/96

10/29/96

10/30/96

10/31/96
11/1/96

11/2/96

1 1/3/96

11/4/96

1 1/5/96

11/6/96
11/7/96

11/8/96
11/12/96

11/13/96

-
11/14/96

11/19/96

11/22/96

12/4/96

12/27/96

12/31/96

Tank Pressure
Lower

85
85
85
-
-
.
-
-

85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
-
-

85
85
85
85
85
85
85
85
85
85
85
80
80
80
80
80
80
80
80
80
80
80
80
80
-
-

45
50

Upper
110
110
110

-
-
.
-
-

115
115
115
115
115
115
115
115
115
115
117
115
115
117
115
116

-
-

119
118
115
115
115
115
118
118
115
119
119
112
111
112
111
112
112
112
112
112
113
112
112
112
75
80
77
100

Note: Pressures in pounds per square inc

Hours

1.1
1.9
2.4

-
-
-
-
-

15.1
15.7
16
17

31.2
31.5
31.8
32.1
38.3
38.5
39.7
49.5
53

53.2
61.1
61.4
63.4
63.8
73.9
74.1
81.1
81.3
82.3
91.9
107.8
108.1
122.6
124.3
124.6
126.1
127.5
127.8
128

138.4
138.7
139

182.6
182.9
185.8
186.3
189.6
189.9
321.2
321.3
322.1
323.4

Shallow Si
Pressure

-
-
-

6.5
22
15
7.5
7.3
7.2
7
7

7.3
-
7
-

7.5
-
-
.

7.4
-

8.8
9.3

-
14
8.4
8.5

-
-

8.5
-

8.6
-

9.2
9.2

-
9.2

-
10.4

-
-
-

9.7
10
11
-

9.9
-
-

10.5
-

10.9
-

11

narge Points
Flow

-
-

.
40
14
21
27
27
23
23
23
23
-

23
-

23
-
-
-

22.5
-

24
24
-

27.5
22.5
23
-
-

23
.

23
.

24
23
-

25
.

26
-
-
-

26.5
26
24
.

23
-
.

24
25
21
-

24

Lower-K Sparge Points
Pressure

11
9.5
9.5

-
-
-

— - -
-
-
-
-

• -
"12

12

3.3
6

10.5

11.1
-
-

13.9
-
-
-

11
10.9

10.5
-

11
-
-

11.5

11.2
-

12.2
11

11.2
-
-
-

13
-

11.6
12.7
.
-r

-

10
-

Flow
17
24
24
-
-
-

_. .
-
-
-
-
-

30

30

0
7
25

23
-
-

26
-
-
-

23
23

22.5
-

22.5
.
-

22

23
-

23
23
25

-
-
-

22
-

24
23

-
-
-
-
-

h (psi), Flow in cubic feet per minute (cfm)
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Extraction rates and vacuums were balanced across the four vapor extraction points,
and induced vacuum was measured in nearby monitoring wells screened above the
water table to-verify establishment of an adequate capture zone along the treatment
curtain. Total, SVE rates typically ranged from 38 to 43 SCFM during the routine
operational period, well above the total sparging rate of 23 to 27 SCFM. Operational
data for the SVE portion of the system are summarized in Table 9 and Appendix A.

Extracted vapor quality before carbon treatment was monitored in the field using
portable instruments for quantifying photo-ionizable VOCs, %O2, and %LEL. The VOC
readings taken during the start-up period generally fluctuated between 10 and 20 ppm
and exhibited a slight overall decline. The oxygen content of the vapors was initially
15% and rose within the first few days of operation to approximately 20%, where it
hovered for the remainder of 1996. Explosive gases were highest at the beginning qt
the testing period (greater than 100% of the LEL), and have decreased sharply to below
1%. Field measurements of extracted vapor quality are provided in Table 9 and are
depicted over time in Figure 5.

- •-.Grab samples of extracted soil-vapors prior to carbon treatment were collected daily for
,» •—* -* *

fourteen consecutive operating days, starting on October 22, 1996, to demonstrate
, compliance with air emission limits. The vapor samples were analyzed by Microseeps,
Inc. for VOCs and permanent gases. The analytical results are summarized in Tables
10 and 11; laboratory certificates of analysis are provided in Appendix B.

Permanent (atmospheric) gases analyzed included carbon dioxide, oxygen, nitrogen,
methane and carbon monoxide. The concentrations of carbon dioxide and methane
were highest at the beginning of the test period and decreased, while oxygen and
nitrogen concentrations increased. Carbon monoxide was not detected in any of the
vapor samples. Carbon dioxide, oxygen and methane levels for the start-up period are
graphed in Figure 6, which illustrates that as oxygen is restored to the subsurface,
carbon dioxide and methane concentrations decreased.
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TABLE 9
SVE Operational Parameters and

Field Monitoring of Extracted Vapor Quality
Former Salisbury Town Gas Light Site

Phase of
Operation
Start-Up

Routine

Date

10/22/96
10/23/96
10/24/96
10/28/96
10/29/96
10/30/96
10/31/96
11/1/96
11/2/96
11/3/96
11/4/96
11/5/96
11/6/96
11/7/96
11/8/96
11/12/96
11/13/96
•U/14/96
11/19/96
11/22/96
11/26/96
12/4/96
12/19/96
12/27/96
12/31/96

Collected
Sample ID
SVE-1
SVE-2
SVE-4
SVE-5
SVE-6
SVE-7
SVE-8
SVE-9
SVE-1 0
SVE-11
SVE-1 2
SVE-1 3
SVE-1 4
SVE-1 5
SVE-1 6*

-
-
-
.
.
.
-
.
-
-

Header Vacuum
<lr».ofH20)

90
43
50
35
40
41
39
48
45
45
38
46
43
40
33
32
48
40
34
45
52
64
43
42
38

Flow Rate
(SCFM)
29
20
31
35
36
36
33
34
36
33
38
37
34
37
34
42
40
42
37
40
38
35
37
38
43

P«>
(ppm«j
5.4
17.5
20.0
17.0
15.0
15.8
12.4
13.2
13.2
14.5
15.2
14.1
14.8
14.7
12.5
13.2
14.9
14.5
11.5
18.7
13.6
11.6
-
-
-

O2

~<%)
15.0
17.0
19.7
-18.9
19.3
18.9
19.7
18.9
19.6
19.5
20.0
20.0
19.9
19.9
20.1
16.5
19.4
19.9
15.7
19.7
19.5
19.9
20.3
19.1
-

LEL

-(%)
Max
9.2
1.0
1.2
1.2
2.1
2.6
1.6
2.2
2.1
0.6
0.8
0.9
0.9
0.5
0.5
2.4
0.6
1.2
1.0
0.5
0.7
0.0
0.5
-

Notes:
SCFM = Standard Cubic Feet Per Minute
PID = Photo-lonization Detector
PPMV = parts-per-million volumetric
02 = Oxygen
LEL = Lower Explosive Limit
* = Not analyzed

AR309769



(%)naVzo

Ei

CM O SO (O

i

(AUldd) UORU|U03UOO Old

AR309770



a>
I
CO
UJ

0)

3
(0a>a:
"5u

= 1;l̂1
51

(Q
CO

o£
10

CO

2.M ^> ^T-'O'vr3arNj^i>-^CMCTJ'wrx-c3r*- °-

8
to

2O

I
Z
|

o>
I

o>
I
<o
CD

N
0)
CD

f
CE

^ _ _ _ _ _
p p p p p o S p p p p p o p o
o o o o o o o d d d d d d d d

4)
"SQ

p p p p p p p p p p p o p p p
d d d d d d d d d d d d d d d
po^gooogooooooo

o» ^ ^ <b co* <ri JI 06i oii •* coI •*{ in in

§00000000000000p p p p p p p p p p p p p p
ooooo'oooo'o'ooo'o'o-

O O T - T - T - O O O O O O O O O O

T-i-CM^CO-r-T-T-i-T-OOOt-Ooooooooooooooooooooooooooooooo
ooooooooooooooo

O O O ^ O O O O O O O O O O O

oooooooooooooooooooooooooooooo
ooooooooooooooo

O O T - C M t - O O O O O O O O O O

"9 P'ooOOOOOCgi-CNCMCMCM£ cbooooooooooooooo/n ^ tPPPPPPPPPPPPPPP>-* g o-o'oo'o'o'ooo'o'cDooooo"
^B ___ ———————&
CO

a
t:
2 O
CO

O C M C M C M O O O O O O O O O O O

a3C\JCD-*^-i-i-OOO O OOOOOOooooooooooooo
ooooooooooooooo

T-^-lOcOCMT-T-T-OOOOOOO

(o
CN C N J C N J C O C O C O C O C O C O C O C O C O C O C O C O

.SJ
I 9
W^ w* w^ »*^ ̂ ** w* \t* -_

CO
II

0)

.s>

ra

O)

0)
Q.

TOa.II

a.

o

LL

CO

AR30977!



M

lr|
I
Q.

i— r^i ——
O

CM'f-f-rMCNCMCMCMCMrMCOforMCMCN)

g

co — „
UJ S

d1—i msi
.8

§

tnaO

tss
Io

ooooooooooooooo

o. o p p p p p p p p p p p p p
?'ddddddddddddddv v v v v v v v v v - v v v . v

T-idcJddodo'0000000

s.|x.|s.t^-r--r~i--r-h-i^-t^-h~N-r>-r-

O> N- OOCOCO^t'OBOT-'

UJ <
-̂N
^•N-r^-dOiOd'T-T^T^T^T-T^T-'T^
T - 1 - T - O l T - C M C M C M C M C M C M C M C M C M C N J

<o r~- co o>

S S S 5 | S 5 S 3 S S S S

fNJNCSSCJCC?1--^"^^^1-::BSSSSSS-------

AR309772



c

•̂1pi
d% CO GO

*A «& C _. *° « 33 5
1 & e S 1r § O 0 £

10 "^> M
"§ —
1 ̂

- •" fi *• §2

|fl
li

8-

§i
M
•1E

i

i

i

\̂̂
 ,

?i]: «•*i/ \

— i ———
S

^

•

1r
i

^

«i
S8l
HI

—4^ ———
U)

(%)

j
_ i >• «

< •

f -

/•
'

/̂

1

1
1
t

\

S* j

/ /y /
1 w \ ^
o in c

UO|}BJ|0U3UOO

> VtMLJ^t'

196/9/U

IWM»
" 96̂ /1- 1-

I 96/Z/U

> 96/1./U

96/l.£/OL

96/0£/0(-

96/63/0 1

f 96/9Z701

96/92/01-

96/SZ/OI.
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Chemical mass extraction rates, and therefore potential air emission rates, were
calculated by multiplying VOC constituent concentrations by the rate of total SVE flow.
Concentrations-o£4otal VOGs fluctuated during the initial demonstration period, ranging
from a high of .11.8 parts-per-million volumetric (ppmv) to a low of 3.3 ppmv. Benzene
concentrations in the extracted vapors ranged from a high of 5.2 ppmv down to 0.51
ppmv. With extracted vapor flow rates varying between 20 to 38 scfm, calculated mass
extraction rates for benzene ranged from 0.0002 to 0.0015 Ib/hr, and total VOC
extraction rates ranged from 0.0397 to 0.1351 Ib/day, as shown in Table 12.

Potential air emissions of total VOCs and benzene were both well below the respective
permitted emission rates of 20 Ib/day and 0.02 Ib/hr. MDE therefore waived the daily
requirement for vapor quality field measurements, and routine operation of the AS/SVE
system was initiated November 12, 1997.

Mechanical troubleshooting and fine-tuning of system controls was required during the
early period of routine operations. The air compressor for the AS/SVE was serviced
under warranty on two occasions and adjustments were made to regulators and sparge

-•point well head valves to balance air flow across the system. Vapor extraction well.- —• -' •
head valves, vacuum blower speed and main extraction header valve were adjusted to

, apply the maximum vacuum on the wells but minimize uptake of ground-water into the
system's moisture separator or "knock-out" tank. On December 23, 1996 the AS/SVE
system was shutdown due to compressor operational problems. Adjustments to vapor
extraction vacuum and flow were made during the last two weeks of December to
address accumulation of water in the SVE knock-out tank. Vapor extraction lines were
flushed, the compressor was repaired under warranty, and system operation resumed
on December 31, 1996.

3.3 Ground-Water Monitoring

The monthly monitoring program was initiated in June of 1996 to establish baseline
conditions prior to the start-up of AS/SVE. A total of five baseline events were

AR3Q977U.
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conducted prior to start-up of the AS/SVE system which occurred in October 1996, and
two additional events were conducted in 1996 following start-up. The results for the
monthly monitoring program conducted during 1996 are summarized in Table 13.

Water-quality data indicate that AS/SVE activities are replenishing dissolved oxygen
(DO) in ground-water along the treatment curtain. The post-start-up data revealed that
dissolved oxygen concentrations increased after the first month of AS/SVE at wells RW-
3, VE-1, ASM-1 and MW-3, and all wells except RW-2 and VE-4 exhibited higher
dissolved oxygen levels after two months. Baseline data generated for the five months
preceding start-up of the AS/SVE system indicated an average DO level across the
treatment barrier of 1.6 mg/l; the average DO level collected two months after AS/SVE
start-up was 3.9 mg/l. Spatial and temporal trends in DO are depicted in Figure 7,
which illustrates in cross-section the last two DO measurements before and the first two
DO measurements after AS/SVE start-up.

A comparison of the October DO readings Oust prior to AS/SVE) with DO
concentrations measured during the December event (two months after AS/SVE start-

-"'up') are presented below in order of locations extending east to west along the
„• —» -' "

treatment barrier.

Changes in Dissolved Oxygen as a Result of AS/SVE Activities
RW-3 2.1 mg/l rose to 4.6 mg/l
VE-1 2.8 mg/l rose to 10.1 mg/l
ASM-1 1.0 mg/l rose to 5.0 mg/l
MW-3 0.6 mg/l rose to 6.2 mg/l
VE-2 _ 1.5 mg/l rose to 3.5 mg/l
RW-2 ' 0.6 mg/l unchanged

VE-3 1.3 mg/l rose to 2.6 mg/l
VE-4 1.8 mg/l fell to 1.1 mg/l
MW-2R 0.9 mg/l rose to 1.4 mg/l

The changes in dissolved oxygen concentrations indicated a skewed distribution, with
DO concentrations increasing more dramatically at well locations situate_d in the eastern
half of the treatment zone. This observation is likely the result of one or more of the
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TABLE 13
Monthly Ground-Water Quality Monitoring for 1996

Former Salisbury Town Gas Light Site

Well

MW-2R

MW-3

RW-2

RW-3

ASM-1

Pate
r - ~'"'J r ~::~~. — r~ •

6/25/96
7/24/96
8/20/96
9/19/96
10/21/96
11/19/96
12/19/96
6/25/96
7/24/96
8/20/96
9/19/96
10/21/96
11/19/96
12/19/96
6/26/96
7/24/96
8/20/96
9/19/96
10/21/96
11/19/96
12/19/96
6/25/96
7/24/96
8/20/96
9/19/96
10/21/96
11/19/96
12/19/96
6/25/96
7/24/96
8/20/96
9/19/96
10/21/96
"-11/19/96
12/19/96

PH(sm
6.20
5.93
6.07
6.42
6.19
6.61
6.61
6.16
5.92
6.05
6.48
6.16
3.40
3.28
6.47
6.16
6.20
6.65
6.46
6.42
6.36
6.04
5.50
5.70
5.63
5.60
5.33
5.28
6.55
6.27
6.33
6.72
6.36
6l7
6.23

Specific Conductivity
<uS)
523
516
541
425
537
448
409
417
406
438
396
429
465
408
295
333
327
202
255
178
137
276
224
226
196
106
203
167
498
493
502
496
529

'" """"416
330

Dissolved Oxygen
(mg/1)
0.3
1.2
1.0
0.6
0.9
0.8
1.4
0.2
1.5
1.0
0.7
0.6
2.7
6.2
2.2
1.1
0.6
1.2
0.6
1.2
0.6
2.1
2.5
2.4
3.5
2.1
4.1
4.6
1.5
2.8
1.2
1.0
1.0
4.6
5.0

<%Sat.)
4
13
\11~.
7
9
8

3 -
16
11
7
6
29

24
13
6
13
6
12

24
27
26
37
21
43

17
30
12
11
11
47

Eh
(mV)

26

453

47

212

88
Not Measured
Indicates break between pre-AS/SVE conditions and post AS/SVE Start-up on
October 24,1996

Page 1
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TABLE 13 (Continued)

Monthly Ground-Water Quality Monitoring for 1996
Former Salisbury Town Gas Light Site

Well

VE-1

VE-2

VE-3

VE-4

. Date

6/25/96
7/24/96
8/20/96
9/19/96
10/21/96
11/19/96
12/19/96
6/25/96
7/24/96
8/20/96
9/19/96
10/21/96
11/19/96
12/19/96
6/25/96
7/24/96
8/20/96
9/19/96
10/21/96
11/19/96
12/19/96
6/25/96
7/24/96
8/20/96
9/19/96
10/21/96
11/19/96
12/19/96

pH
(S.U.)
5.75
5.33
5.69
5.68
5.07
5.46
5.36
6.12
5.87
6.00
6.39
6.13
6.40
6.34
6.31
6.14
6.20
6.56
6.31
6.44
6.84
6.59
6.09
6.37
6.50
6.30
6.65
6.40

Specific Conductivity
(uS)
337
271
323
295
225
290
151
419
438
465
477
497
426
331
600
598
619
564
633...,.......-,_..... ..................

459
582
499
621
454
965
594
608

Dissolved Oxygen
(mg/l)
0.7
1.9
1.4
1.4
2.8
2.3
10.1
1.0
1.3
1.8
1.8
1.5
1.1
3.5
1.9
2.3
2.0
1.1
1.3
2.4
2.6
3.9
2.5
4.1
1.8
1.8
1.7
1.1

(% Sat.)
8

- 21
-16-- ?
14
29
23

11~
15
21
21
16
12

21
25
22
13
13
25

40
27
48
19
20
17

Eh
(mV)

-

229

66

54

13
Not Measured
Indicates break between pre-AS/SVE conditions and post AS/SVE Start-up on
October 24,1996

Page 2
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following conditions: 1.) the soils are sandier and more permeable along the eastern
limb, allowing for the introduction of more compressed air; 2.) the valving system for the
headers was unbalanced, resulting in the introduction of more compressed air at certain
sparge points aJong the eastern limb; and/or 3.) higher concentrations of biodegradable
organics are present along the western limb of the system which are consuming a
larger proportion of the oxygen being injected. .._-.

Dramatic decreases in concentrations of total BTEX, PAHs, and dissolved iron were
observed at monitoring wells MW-2R and MW-3 following the AS/SVE start-up.
Historical water-quality data for MW-2R and MW-3 are summarized in Tables 14 and
15, respectively. The effect of AS/SVE activities on VOC, PAH, and chlorinated VOC
concentrations in ground-water is graphically depicted In Figures 8 and 9. Detailed
discussions of ground-water quality and flow monitoring at the site are presented in the
quarterly monitoring reports prepared for this project; however, a brief synopsis of
observations in water-quality trends along the AS/SVE treatment zone are discussed
below.

'"Comparison of the quarterly sampling results for September and December 1996
r* *•*•• — * "

demonstrate that both total PAH and BTEX concentrations were reduced from greater
than 3 mg/l down to below detectable limits at MW-3. At MW-2, total PAHs were
reduced from greater than 3 mg/l down to 0.2 mg/l and total BTEX concentrations were
reduced from 0.099 mg/l down to 0.004 mg/l. Dissolved iron concentrations were
reduced from 25 mg/l down to 2 mg/l at MW-3 and from 9.1 mg/l down to 1.8 mg/l at
MW-2.

10
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4.0 REMEDIAL PROGRESS SUMMARY

4.1 Product Monitoring & Recovery

The amount of product removed during the second half of 1996 was 3.32 gallons and
the cumulative total of product removed for the site through December's^, 1996 now
stands at 294.2 gallons. A summary of product thicknesses and product removed
during the second half of 1996 and total product removed since monitoring began is
presented in Table 16.

Product thicknesses in MW-1 have been maintained predominantly at less than an inch
since product recovery operations were initiated in 1993, but have fluctuated up to
nearly 0.5 feet on occasion. Product thicknesses at Well D-4 have fluctuated more
strongly, although the product thickness at this location has been maintained at a few
inches with manual bailing only during the second half of 1996. Historical trends in
product thicknesses measured in wells MW-1 and D-4 are illustrated in Figures 10 and

1 -31,- respectively.
,• —« -* •

4.2 AS/SVE Operations

Success of the AS/SVE remedial program is measured by observed changes in water
quality as well as by the quality of vapors extracted from the subsurface. Trends in
water quality are discussed in Sections 3.3 and 4.3. Extracted vapor quality and
estimated chemical mass removal rates as a measure of remedial progress are
discussed below.

Mass extraction via SVE is one of the mechanisms by which hydrocarbons are removed
from the subsurface. Based on the calculations outlined in Section 3:2, a total of

i-y---
approximately 1.12 ,total VOCs were extracted during the start-up-period. With

,*-
approximately 20 additional operating days during the routine operation period of 1996

n
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and an assumed average VOC mass extraction rate of 0.065 Ib/day, the total mass of
VOCs extractaJlfaring 1996 is estimated

In-situ biological degradation is the other principal mechanism of hydrocarbon removal,
and is often much more significant than physical removal, although difficult to quantify.
The by-products of aerobic biodegradation of the non-chlorinated Tiydrocarbons found
at the site are carbon dioxide and water, and carbon dioxide concentrations in the
extracted vapors in excess of typical atmospheric concentrations can be used to
indirectly estimate the amount of in-situ degradation. Extracted carbon dioxide
concentrations were as high as 6.5%, and consistently exceeded typical atmospheric
levels of 0.034%, as shown in Tablet?;

The inferred relationship between carbon dioxide levels and hydrocarbon degradation i
based on the balanced equation for the complete oxidation of a C8-hydrocarbon,
described below:

_. 2(C8H10) + 21(02) •* 16(C02)+10(H2Q|
_*-.- 1 mole C8-hydrocarbon -> 8 moles CO2

!t-is therefore assumed one pound of hydrocarbon oxidized will produce 3.32 pounds of
carbon dioxide. Calculated carbon dioxide extraction rates were as high as 273 pounds
during the first day of operation, and leveled off at approximately 45 pounds/day at the
end of the initial 15 days of operation. The cumulative total of hydrocarbons degraded
during the first 15 days of operation is estimated at 381 pounds. At an assumed
average degradation rate of 14 pounds per day for an additional 20 operating days, it is

-jî ĤBfe.
estimated that ̂ ît̂ of approximatel̂ glHpunds of hydrocarbons were degraded in-
situ during operation of the AS/SVE system during 1996. '

12

AR309785



1
UJ ;

i
60 !™

* "" co — -~ — — -~-~ — ~^<0<0?°^«?s$5 3
J&*

=
Q.

£

t&ift

I Us§ £ (O CO

^ __....._..._..... 3̂ T1" Ol CO f̂ lO

to to w (o co o

*••». __• _«. __ M.. m̂ ••• «••O

c (0

J

o
M

§ 4« I

•M ~n 5̂ ,

•s

gF.fi fl J I

AR309786



RUTH ASSOCIATES, INC - DRAFT

4.3 Ground-Water Monitoring

Results of the quarterly and monthly ground-water monitoring events demonstrate that
operation of the AS/SVE system has dramatically improved ground-water quality and
effectively mitigates potential off-site migration of dissolved VOCs and PAHs. High
levels of VOCs and PAHs at the monitoring wells located immediately downgradient of
the AS/SVE treatment curtain have been substantially reduced to levels close to or
below detectable limits. Dissolved oxygen levels necessary for enhancement of natural
in-situ biodegradation processes have been restored within the ground-water regime,
particularly along the eastern limb of the system.

13
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3.0 SOIL-VAPOR EXTRACTION MONITORING & RESULTS

SVE operations were initiated in the vicinity of the Former Production Building
. f,,̂  - _p — „ - ,

in August of 1993 and have been continued as part of the remedial program designed
to remove petroleum hydrocarbons from this area. A summary of recorded activities
and observations for the history of SVE and vacuum-enhanced product recovery
performed at the Salisbury site is presented as Appendix B. Salient portions of the
SVE summary and product recovery history are depicted in a time-line figure (Figure
3). . .

SVE start-up testing was conducted to ensure that the targeted remediation
area was being influenced by the applied vacuum. Once steady-state conditions were
achieved by extracting vapors from a given well at a constant rate, the vacuum
induced at the surrounding wells was measured. Linear regression was used to
evaluate the relationship between the vacuum induced and distance from the
extraction well using well vacuum data. Graphs illustrating SVE vacuum versus
distance data collected during start-up tests at wells D-2, D-2R, D-1 and D-4 are

'.-'. included as Appendix C. The inferred zone of influence from SVE at each extraction
well is illustrated in isobaric contour drawings, Figures 4, 5, 6 & 7. Review of these
figures show that the zone of influence for vapor extraction from each well extends
over a large portion of the Former Production Area, with radii of influence from a
single extraction point ranging from 76 to 90 feet.

During the initial monitoring phase of SVE operation, vapor grab samples were
collected daily and analyzed by Microseeps, Inc. for BTEX compounds, naphthalene
and C5- through C10-alkanes. Laboratory certificates of analysis are included as
Appendix D. The analytical data and correlating flow rates were used to calculate the
chemical mass extraction rates for all analytical parameters. After more than 14
consecutive days of extraction rates well within the permitted limits for benzene and
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total VOCs, a letter prepared by RAI and dated December 6, 1993 was submitted to
the MDE Air and Radiation Management Administration. This letter included the
calculations and supporting data demonstrating compliance with air emission
standards, and'̂ ermission was requested to remove air emission control devices and
discontinue the associated monitoring for the air permit. MDE granted permission in
a response letter dated December 9, 1993. SVE was temporarily discontinued at D-2
between late October through mid December 1993 while MDE processed the request
and restarted on December 19,1993 following MDE's waiver of the air emission
control portions of the permit. The December 6, 1993 RAI letter and the December
9, 1993 MDE response letter are provided in Appendix E.

RAI continued to collect vapor grab samples on a monthly basis through
January of 1995, to monitor the systems performance and to update contaminant
vapor removal rates. A summary of the analytical results for all vapor extraction
system grab samples is presented in Table 1. Hourly and daily extraction calculations
in pounds is given in Tables 2 and 3, respectively. The historical chemical mass
extraction rates indicate that at no time has the system exceeded the permitted

.-•omission limits for benzene (0.02 pounds/hour) or total VOCs (20 pounds/day).

Extracted vapors prior to carbon treatment have also been monitored in the
field using portable instruments. An explosimeter was used to measure oxygen
content (%02) and the percent of the Lower Explosive Limit (%LEL). An HNu photo-
ionization detector (PID) was also used to monitor extracted vapor quality. The field
monitoring data for Wells D-2/D-2R, D-4 and D-1 are provided in Tables 4, 5 and 6.

At Wett D-2» the LEL and PID readings were initially high and oxygen readings
were low, but these trends proceeded to reverse as SVE operations progressed.
Another effect of SVE was also apparent when product thickness measurements,
recorded at the end of the initial monitoring period, revealed that 1.75 feet of product

8
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TABLE 4
Summary of the Field Monitoring Data for the Vapor Extraction System at D-2/2R

Salisbury Town Gas Light Site
Chesapeake Utilities Corp. - Salisbury, Maryland

D-2

-"

I 8/18/93
8/23/93
8/24/93
9/8/93
9/9/93
9/10/93
9/13/93
9/14/93
9/16/93
9/22/93
9/27/93
9/28/93
9/29/93
9/30/93
10/1/93
10/2793
10/3/93
10/4/93
10/5/93
10/6/93
10/7/93
10/8/93
10/9/93
10/10/93
10/11/93
10/12/93
10/13/93
10/14/93
10/15/93
10/16/93
10/17/93
10/18/93
10/19/93
10720/93
10/21/93
10/22/93
10/23/93
10/24/93
10/25/93
10/26/93
10/27/93
10/28/93
10/29/93

f̂ ^̂ HiHj
ifiiiHPifiSfflffliĝHtaHBSiB«ajBBIIBiHRtjBjB

f 50.0
50.0
49.0
45.0
44.0
43.0
44.0
43.0
44.0
45.0
43.0
47.0
45.0
47.0
48.0
47.0
46.0
46.0
49.0
50.0
50.0
47.0
47.0
50.0
49.0
49.0
51.0 '
50.0
48.0
48.0
47.0
47.0
49.0
49.0
49.0 ;
51.0
52.0
51.0
49.0
49.0
50.0
51.0
51.0

ĵĵ ĵjKsajjjjHajaĵ jjHijî âaiK

i9Ŝ RBL̂ 9L@B̂ !̂ffils&iiwî HiHi»«RBi9»K@̂ li
30 | 2.4 | Max.
33
33
37
35
35
37
35
35
30
37
35
35
35
35
35
33
33
33
33
33
35
35
35
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
28
28

2.7
2.1
6.0
6.6
9.5
9.0
10.8
12.2
8.4
_
_
_
_
..
_
_
».
„
_
15.3
15.6
15.5
15.8
_
15.8
15.9
16.1
16.4
18.2
16.1
15.9
16.0
16.1
16.1
16.2
16.3
16.4
16.5
16.7
16.3
16.3
16.5

- No measurement collected

Max.
- Max. '
- Mix."
Max.
Max.
Max.
Max. .
Max.
Max.
w»

..
mm

..

•»•

H

—
— —

m m

mm

2.5
2.5
2.4
2.5
•M.

2.5
2.2
2.2
2.0
2.1
2.2
2.2
2.1
1.9
1.9
1.8
2.0
1.8
1.8
1.9
1.8
1.8
1.8

plllfillll̂ jr̂  135 ~i
200
220

- 200
150
115
115
112
12
85
32
8
8
11
12
13
10
16
10
11
10
10
7
9
8
12
22
6
6 *
0
0
8
12
8
6
13
15
18
15
13
16

,_ 17
18

Max. denotes value >100%
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TABLE 4 (Continued)
summary of th. Field Monitoring Data for the Vapor Extraction System .t D-2/2R

Salisbury Town Gas Light Site
Chesapeake Utilities Corp.. Salisbury, Maryland

3/14/94
3/15/94
3/16/94
3/18/94
3/21/94
3/23/94
3/25/94
3/28/94
3/30/94
4/6/94
4/8/94
4/11/94
4/13/94
4/15/94
4/18/94
4/19/94
4/21/94
4/22/94
4/25/94
4/28/94
5/2/94
5/4/94
5/6/94
5/9/94
5/11/94
5/13/94
5/16/94
5/19/94
5/20/94
5/31/94
7/19/94
7/22/94
7/25/94
8/8/94
8/10/94
8/12/94
8/15/94
8/17/94
8/22/94
8/24/94
8/26/94
8/29/94
8/30/94

- No measurement collected
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TABLE 4 (continued)
Summary of the Field Monitoring Data for the Vapor Extraction System at D-2/2R

Salisbury Town Gas Light Site
Chesapeake Utilities Corp. • Salisbury, Maryland

m
m
m
m
m

ŜfvSMSBBaBBBBBBi

IliitOjgî â BI
D-2R

9/1/94
9/11/94
9/14/94
9/18/94
9/27/94
9/28/94
9/30/94
10/3/94
10/5/94
10/7/94
10/10/94
10/12/94
10/14/94
11/4/94
11/7/94
11/8/94
11/9/94
11/10/94
11/11/94
11/14/94
11/15/94
11/16/94
11/17/94
11/21/94
11/23/94
11/28/94
12/1/94

BH«BSBffpJBB

22.0
22.0
22.0
22.0
19.4
19.5
20.0
20.5
20.5
20.9
21.0
20.5
20.4
13.9
14.8
14.9
14.3
14.5
15.2
14.3
14.4
17.6
18.0
17.8
17.9
16.8
17.0

11111

78
83
83
78
83
83
83
87
87
89
81
87
87
74
70
74
70
72
76
74
74
83
83
83
87
87
85

BBBâ B̂Bn•H
21.1
21.1
21.1
21.1
21.3
21.2
21.2
21.2
21.2
21.2
21.3
21.3
21.3
18.6
19.5
19.6
19.7
19.7
19.8
18.1
19.9
—
-
—
—
_.

21.0

••iliJftiJHKi
ĤHHf̂ anHffl̂ nKj
9lBB9E»BBHKjgBMH3gy3»?BTB?ff3

0.0
-0.1
0.1--^
0.1
0.2
0.2
0.4
0.5 ~
0.4
0.5
0.3
0.3
0.3
0.6
0.6
0.5
0.4
0.4
0.3
0.3
0.3
_
-
—
—
_
0.3

fjjgffljjfflffi

—
—

• . -—
-
—
—
—
—
—
—
—
—
—
—
_
_
—
—
—
—
50
—
—
—
—
—
60

- No measurement collected
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TABLE 5
Summary of the Field Monitoring Data for the Vapor Extraction System at D-4

Salisbury Town Gas Light Site
Chesapeake Utilities Corp. - Salisbury, Maryland

12/5/94
12/7/94
12/8/94
12/21/94
12/29/94
1/2/95
1/8/95
1/10/95
1/17/95
1/26/95
1/31/95
2/14/95
2/16/95
2/23/95
3/7/95
3/13/95
3/22/95
5/9/95
6/21/95
7/22/95
8/7/95
8/29/95
9/26/95
10/23/95
10/31/95
11/11/95
11/18/95
11/29/95
12/1/95
12/6/95
12/13/95
12/21/95

24.7
24.6
24.7
26.0
13.4
15.0
19.0
19.0
20.0
24.0
22.0
22.0
22.0
22.5
21.5
23.0
23.5
23.0
22.4
24.0
23.0
24.0
24.0
26.0
28.0
25.5
24.5
26.0
26.5
25.0
24.5
26.0

83
83
83
85
39
71
52
53
57
63
58
58
58
58
56
58
57
61
59
56
57
57
57
57
57
55
63
60
59
55
57
57

21.0
21.1
19.0

16.5

20.0

20.6
20.4

19.9
19.5
19.8

9.1
20.6
21.2

20.7
18.7
19.3
19.2

19.8
20.1
20.0

0.8
0.6
0.4

1.5

0.4

0.4
0.4

0.4
0.2
1.0

1.1
1.2
0.0

0.0
0.1
0.2
0.2

2.r
2.1*
2*

- No measurement collected
* As hexane (reading collected with Tank Techtor)

57

80

58

65
35
39
33

55

32
56
58
154

54
30
32
28
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1
TABLES

Summary of the Field Monitoring Data for the Vapor Extraction System at D-1
Salisbury Town Gas Light Site

Chesapeake Utilities Corp. - Salisbury, Maryland

10/18/9*1 3 * 5 5 2 21.2 I QA
10/19/94
10/21/94
10/24/94
10/26/94
10/27/94
10/28/94
10/31/94
11/2/94
11/3/94
11/4/94

34.0
34.1
31.8
31.9
32.9
32.7
30.5
29.0
28.3
28.1

57
57
57
57
57
57
61
61
63
63

20.5
20.7
20.7
20.7
20.7
20.7
20.7
20.7
20.7
20.7

0.1
0
0
0
0
0
0
0
0
0

- No measurement collected
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had accumulated in Well D-2 during the second month of SVE operation. No product
had been measured in that well prior to SVE activities. The accumulated product was
removed by a combination of passive recovery devices and manual bailing. SVE
activities resumed following the permit waiver, until system operations were
postponed in late December 1993 due to very cold weather and icing, which
prevented both normal system operation and access to the system for monitoring.
After resuming operation in March, biological fouling of the 'well screen in D-2
eventually necessitated the construction of a replacement well (D-2R) in June of
1994. In early June, more product (1.83 feet) had accumulated in well D-2 as a
result of SVE. Vapor extraction continued at D-2R until the beginning of December,
1994, when monitoring data consistently demonstrated that product accumulation
and contaminant levels in extracted vapors were negligible and subsurface oxygen
levels had been restored to near ambient conditions.

As can be seen in Table 4 and Figure 8, oxygen values rose to or approached
levels of atmospheric oxygen (20.7%) and explosive gases have approached zero
percent LEL at D-2/D-2R during SVE operation. LEL and oxygen levels at D-4 and D-1

--; have hovered at levels comparable to the final values at D-2/D-2R throughout their
respective monitoring periods, as indicated in Tables 5 and 6. Extracted soil-vapor
quality data indicate that volatile petroleum hydrocarbons in the unsaturated zone
have been substantially reduced in the vicinity of the Former Production Building.

9
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I APPENDIX C

VAPOR EXTRACTION START-UP TESTING

| LINEAR REGRESSION OF DISTANCE VS. VACUUM DATA

I
I
i
1
I
I
I
I
I
i
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Vapor Extraction Startup Test, Former Salisbury Town Gas Light Site
Vacuum Induced versus Distance From 0-2

. 3̂2.7 dm extraction flowrate @ 45 inches of water applied vacuum
0.5

•c-0.4

I 0.3

0.1

Raw Rata - Collected 9/9/93
Observation Distance from D1 Induced Vacuum

Well (feet) (inches of water)

D-1 39.0 0.34
D-3 30.0 0.47
D-4 48.0 0.23

Regression Data
y = a + b (In x)

a = 2.20571, b = -0.50998, R-square = 0.99963

Radius of Influence: @ y = 0, x = 75.6 feet

30 40 50 60 70 80
Dtefcnc* From D-2 (fc«t)
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«

Vapor Extraction Startup Test, Former Salisbury Town Gas Light Site
Vacuum Induced versus Distance From D-2R

. s cfm extraction flowrate @ 22 inches of water applied, vacuum

I0-8
•s
1 0.6

0.4

0.2

/̂  *"_,. Raw Rata - Collected 8/8/94
Observation Distance from D1 Induced Vacuum

Well (feet) (inches of water)

_ D-1 34.0 0.61
• D-3 30.5 0.95
^ D-4 54.0 0.34

Regression Data
y = a + b (In x)

a = 4.00149, b = -0.92421, R-square = 0.84130

Radius of Influence: @ y » 0, x * 75.9 feet

30 40 50 60 70 80
i From D-2R (fMt)
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Vapor Extraction Startup Test, Former Salisbury Town Gas Light Site
Vacuum Induced versus Distance From D-1 '

~̂9.6 cfrn extraction flowrate @ 35 inches of water appKed vacuum
0.2

0.15

0.1

0.05

I

i

30 40 50 60 70 80
DMano* From D-1 (fMt)

; -: V Raw Rata - Collected 10/18/94
Observation Distance from D-1 Induced Vacuum

Well (feet) (inches of water)
« D - 2 R 34.0 0.17

D-3 61.0 0.04
D-4 74.5 0.02

I
Regression Data
y = a + b (In x)

a = 0.86623, b = -0.19825, R-square = 0.98453

Radius of Influence: @ y « 0, x * 79.0 feet

i
i
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I
9 Vapor Extraction Startup Test, Former Salisbury Town Gas Light Site

1 Vacuum Induced versus Distance From D-4
-— *fcO cfm extraction flowrate @ 26 inches of water applied vacuum

• 0.35

0.3

I
I

i 0.25
•5«
| 0.2

°-15

i 0.1
^

fl 0.05

i

Raw Rata - Collected 12/21/94
Observation Distance from D-4 Induced Vacuum

Well (feet) (inches of water)

D-1 74.5 0.09
D-2R 54.0 0.28
D-3 68.0 0.18

Regression Data
y = a + b (In x)

a = 2.52003, b = -0.55994, R-square = 0.95473

Radius of Influence: @ y • 0, x » 90.1 feet

60 70 80 90
Diatanc* From CM (tot)
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